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RENAL CALCULUS, DIAGNOSIS AND
TREATMENT,

WITH CASES SELECTED TO ILLUSTRATE SPECIAL POINTS
OF DIFFICULTY IN DIAGNOSIS.

BY DAVID NEWMAN, M.D. GLASG., F.F.P.S. GLASG.,
SURGEON TO THE ROYAL INFIRMARY, GLASGOW.

(With Coloured Plate.)

WHILE in the following paper the whole question of the
diagnosis of renal calculus will be considered and the relative
value of the various symptoms and physical signs discussed,
its main object is to call attention to certain important
difficulties which have been met with over an extended

experience&mdash;diffiulties which are not sufficiently known and
which in practice are very liable to lead to serious errors in
diagnosis and treatment.

Before considering the question of methods of inquiry and
the fallacies by which the clinical observer is beset, it may
be well to narrate a typical case of renal calculus-a case
the interest of which is enhanced in that the historical record
is in the words of the patient himself, a general practitioner.
CASE 1. Rheumatic family history; suspected stone in the kidney for

16 years, pain at fi.rst occasional and of no great severity but steadily
increased in frequency, associated with h&aelig;maturia and frequent mic-
tezrition; two small stones passed pain relieved, but h&aelig;maturia con-
tinued after four years ;renal colic very severe ;sudden attacks ;reflex
pains; occasional severe h&aelig;maturia; extreme sensitiveness on palpation,
x ray shadow; irritation at orifice of right 2sreter ; large ragged stone
removed; complete cure.-A. B., aged 38 years, was first examined on
August 16th, 1907. There is nothing remarkable in his personal or
family history, except that they exhibited a tendency to rheumatism;
otherwise both he and his immediate relations enjoyed singularly good
health, he until the onset of the present illness. The following is the
patient’s account of his illness :-

" It is now some thirteen years since I first suspected the presence of
a stone in the right kidney, but in all probability it had formed a con-
siderable time previous to that date. In the summer of 1891, while I
was stooping to pick up some small object from the ground, the
muscles of the back being tense, a younger sister playfully gave me a
blow immediately over the right kidney. For a few minutes the pain
was intense, and when after some little time I passed urine, I observed
slight traces of blood. Neither the pain nor the h&aelig;maturia recurred,
and nothing further was thought of the matter. In November, 1891,
during the night I was seized with an acute pain in the right iliac
fossa which altogether disabled me. As the pain increased in severity
I sought the advice of the late Sir W. T. Gairdner, who diagnosed a
perityphlitis and prescribed a sedative. After three or four day’s rest
in bed the pain subsided entirely. This pain recurred more or less
frequently during the next two or three years, but never during
that period with any great severity. In January, 1894, I under-
took the charge of a practice in a country district. My duties
there entailed much walking and I was conscious of being easily
fatigued. On 12th February, 1894, when on my daily rounds I suffered
much from frequent micturition, and at that I time I passed a consider-
able amount of blood of a bright colour and evenly mixed with the
urine. During the next fortnight h&aelig;maturia was very marked on
each act of micturition, and at times the proportion of blood was
so great that if the urine was allowed to stand in the vessel, distinct
clot formed. As far as I can remember I had at this time absolutely no
pain, and I still continued to attend to my duties. On the 25th of
February, 1894, I passed per urethram with ease two stones ; both
were voided in the one act. The first was the size of a large pea, the
other half the size. Both were smooth and composed of uric acid. The
haematuria continued for a few days in progressively diminishing degree,
and ultimately disappeared entirely. During the date of the subsidence
of these symptoms, I suffered no inconvenience of much moment till
January, 1895, when I had my first attack of renal colic, but from that
date until I obtained relief by operation, I never had a day entirely free
from pain. The attack of renal colic referred to was induced by my
running to catch a car. The seizure was sudden and for the time being
altogether crippled me. The pain in the right lumbar region was so
intense that it was only with the greatest difficulty that I was conveyed
home, where after some rest I obtained relief by the use of hot fomenta-
tions. There was no hsematuria at this time; equally well-marked
attacks of colic occurred for a time at unequal intervals for about a
year, but since then there was a constant dull gnawing pain in the
lumbar region, and frequently associated with other obscure pains in
such various regions as the right iliac fossa, the rectum, the left testicle, ’,
and the apex ot the left lung. Walking became more and more a toil ’,
to me, but I was always comfortable when riding on horseback and
suffered no inconvenience from hunting. A cycle ride of from fifty to ’,
sixty miles caused me no distress, but to walk half a mile tired me.
In driving a sudden jolt caused much pain, as also did the lifting of
any considerable weight. Invariably I woke in the morning more tired I
than when I went to bed. To lie on the left side was impossible, and I

the only position in which I had any degree of comfort was when
lying on my right side with a cushion well tucked into the lumbar
region.
"Life was truly a burden. In 1901 I consulted a well-known

physician, who, after an examination, denied the presence of stone,
and attributed the symptoms to acute lumbago. Much relief
of a temporary nature was obtained from electro-massage, but if
this treatment was suspended for two or three days I speedily and
surely relapsed, and so matters continued till the afternoon of 29th June
of this year (1907). For about an hour I had been comfortably seated in
an easy-chair when, without warning, I experienced an acute pain in the
left lumbar region of such a character that even the slightest pressure of

clothing was intolerable. H&aelig;maturia once more appeared, and the
desire to urinate was constant and intense. After a week’s constant rest
in bed these symptoms subsided entirely, and I once more relapsed into-
my usual state which continued till the 16th of August, when I con-
sulted you. Your diagnosis confirmed my suspicion. Since the
operation which you performed on 14th September, all the obscure
pains which you suggested were of a reflex nature, including the
pleuritic pain on the right side, have entirely disappeared, and now I
have no discomfort of any kind whatever (November, 1907)."
Physical examination of the patient showed extreme sensitiveness on

pressure over the right kidney; so that the slightest manipulation in-
duced severe spasm of the lumbar muscles and pain in the renal region.
This pain extended along the line of the ureter, down the thighs and to
the left lumbar region, so much so that the patient feared the presence
of a stone in the left kidney also. With the fluorescent screen a stone
could be clearly seen in the right kidney only, and several x ray photo-
graphs gave a distinct shadow. fFig, 1.)

FIG. 1.

Examination of the bladder showed the mucous membrane to be
slightly injected, especially along the line of the right ureter (Fig. II.)
(see coloured supplement), but elsewhere it was normal in appearance
and the organ was capable of containing a normal amount. The orifice
of the right ureter was greatly dilated, oval in shape, and the lips of the
orifice were of a dark red colour. On palpating the kidney while the
cystoscope was in position several copious shoots of blood-stained urine
were seen to escape, which imparted a distinct smoky appearance to the
contents of the bladder. Immediately after the cystoscopic examina-
tion the right kidney was exposed (on Sept. 14th) by a lumbar incision

and an irregularly shaped stone was removed entire (Fig. 3). The

Fm. 3.

stone was composed of oxalate of lime, was roughly triangular in form,
and had a very irregular surface. At two of the apices of the triangle
sharp crystals. lancet-shaped, projected and were so hard and sharp that
they appeared as knife edges when the stone was fresh, but after being
dried the crystals lost their lustre and became more rounded.

In the case just described the diagnosis of renal calculus
was very easy ; all the typical symptoms were present and
the physical signs were unequivocal.
While in the great majority of cases met with in practice

little difficulty is experiencd in determining the presence of
a stone in the upper urinary tract by the means now at our
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disposal, in others, and these are not few, on account of the
absence of symptoms and physical signs, not only one but
all our methods of investigation must be employed before the
diagnosis is arrived at. Not only is it necessary in cases of
renal calculus to determine the presence of the stone, but it
is also requisite to define its size, shape, composition, and
location. It is our purpose to demonstrate the value and
limitations of each and to illustrate by cases the various
snares by which we may be entrapped. The surgeon who has
but a limited experience in renal work looking for evidence
is very often too readily convinced of the presence of stone; he
is misled by what he believes to be clear evidence; he under-
takes an operation ; he exposes the kidney, opens the pelvis,
and examines the ureter, but no stone is found. On the other
hand, when the symptoms are atypical a case of stone is
liable to be mistaken for lumbago, appendicitis, perityphlitis,
pleurisy, cystitis, lumbar abscess, or spinal disease. No one

symptom or physical sign is free from possible fallacy.
The symptoms which lead the patient to seek help are

pain, frequent and painful micturition, increased sensitive-
ness, or suppression. These, however, are only danger-
signals. It is by careful inquiry into the physical signs
that the surgeon must base his diagnosis.
The physical signs are the presence of certain abnormal

constituents in the urine ; evidence of obstruction to the

escape of urine (hydronephrosis and pyonephrosis) and swell-
ing revealed by examination of the kidney by palpation;
various morbid changes in the bladder; physical evidence of
the presence of stone, as shown by digital examination, by
cystoscopy, sounding of the ureters, pelvic distension, skia-
graphy, and direct exploration of the kidney.
We will consider in their order, first, symptoms; after-

wards, physical signs, both of which depend upon certain
circumstances which should be kept clearly in view. Is the
stone the only cause of irritation or is it accompanied by in-
fective processes ? Is it fixed or is it freely moveable in the
pelvis of the kidney ?

1. &mdash;Pain.
While pain is probably the most prominent symptom in

renal calculus, it may be most misleading. A stone may be
present in the kidney for years, without giving rise to any
discomfort, or there may be severe, and what is deemed to
be characteristic, lumbar pain. The first attack of renal colic
which leads the patient to call in the aid of the physician is
generally caused by the stone becoming impacted in the
mouth of the ureter, and the suffering is relieved either by
the calculus receding again into the .pelvis, or by being pro.
pelled along the ureter into the bladder.
The pain associated with renal calculus varies with the

situation and composition of the stone, and according as
there is, or is not, pyelitis. It may be stated generally that
when the calculus is impacted in the substance of the kidney
and is uncomplicated, comparatively little pain is suffered ;
severe pain may exist for a time, and then disappear for
years. In other cases there is a dull pain almost constantly
present in the loin. If the calculus is in the renal pelvis, or
moving freely in a cavity within the kidney, pain becomes a
more marked symptom, and is not limited to the loin, but
extends to the testicle, to the penis, to the inner aspect of
the thigh, and if the stone be impacted in the ureter, the
action of the psoas muscle in walking may aggravate the pain.
The pain is dependent upon movement, being aggravated
by exercise, even by movements in bed, while complete and
continual rest affords relief from suffering. The varying
pressure of the abdominal viscera, or changes in posture, may
modify the pain, while palpation may cause it to be tem-
porarily increased.

Immediately a stone enters the ureter, renal colic sets in,
and the paroxysms, coming on often without warning, and
even during sleep, may last for hours or days. The stone is
liable to be arrested at three points in its course : (a) at the
bend of the ureter forwards over the psoas muscle (40 per
cent.); (b) at the level of the bifurcation of the common iliac
artery (27 per cent.); and (c) at the point where the ureter
enters the wall of the bladder (33 per cent.).
When impaction takes place the pain is agonising, and

radiates from the region of the kidney down the ureters to
the thigh, the penis, and the testicle. There may be great
desire to micturate, but the patient only succeeds in passing
a few drops of blood-stained urine, sometimes mixed with
pus and mucus, and its passage causes intense burning pain
in the urethra. When the first sickness and faintness, so

characteristic of renal colic, have passed off, the patient may
endeavour to relieve himself by contortions in all directions,
or may be thrown into convulsions by the fearful agony he is
suffering. After a period of great anguish, usually measured
by hours, the pain subsides as suddenly as it came on, and
the other symptoms accompanying it disappear. If the
calculus passes into the urinary bladder the patient may be
sensible of the fact, or, if caused by gravel, gritty material is ’
usually passed during the first urination, but if the stone
has merely become displaced from the renal orifice of the
ureter another paroxysm may occur at any time. In other
cases the calculus remains impacted in the ureter, which
becomes more or less habituated to its presence; under such
circumstances, although the pain may set in suddenly, it
becomes only gradually relieved, and cessation from suffering
alternates with paroxysmal attacks, probably caused by spasm
of the ureter. -

In renal calculus the pain is not entirely due to the direct
irritation of the stone or to the obstruction produced by its
impaction. Another factor must be admitted. The presence
of the calculus in most instances induces a congested condi-
tion of the renal parenchyma, and this increased vascular
tension is of itself the cause of much suffering.

It must be borne in mind that renal colic may arise from
any sudden stoppage of the ureter, by disease of its walls,
by a foreign body, by pressure from without, or by torsion.
Hence we find that although renal calculus is the most
frequent cause of severe paroxysmal pain, this symptom may
likewise occur in tuberculous disease from the passage of a
caseous mass or a plug of mucus, or as a consequence of a
tuberculous ulcer. In hydatid disease severe suffering may
arise from the evacuation of cysts or in tumours of the

kidney from portions of the growth becoming detached and
carried down the ureter. The suffering varies according as
the stone is fixed in the substance of the kidney or is move-
able in the pelvis, or in an adventitious sac, which it has
formed, whether it is able to enter the ureter and obstruct the
escape of uri e, and whether it is associated with sepsis. A
fixed aseptic calculus may cause no inconvenience and even a
large septic stone may be unassociated with pain except
early in the history of the case.
CASE 2. Pyelitis of five years’ dllratwn, unassociated with pain

except during the onset ; stone discovered in the left kidney.-The

patient, aged 17 years, was admitted to the " Central Home" on
July 2nd, 1906, suffering from persistent pyuria. His medical attendant
stated that in the autumn of 1901 he had had an attack of severe pain in
the left renal region, accompanied by high temperature and consider-
able tenderness on pressure, but no swelling in the lumbar region. The
boy had had repeated rigors during a fortnight after the onset of his
illness, and these had continued with accompanying high temperature
until a large quantity of pus was discharged in the urine, which was
coincident with relief of pain. The patient remained fairly well in
general health, but the urine had not been free from pus on any occasion
when submitted for examination. Following recovery from the acute
attack, his medical attendant did not see him regularly until two
months ago, when the parents becoming anxious about the continuance
of the pus in the urine, his medical attendant suggested a consultation.
He came to the conclusion that an abscess which in the first instance
formed in the kidney had discharged into the pelvis and also set up
irritation in the perinephric tissue, and with this opinion we con-
curred. A cystoscopic examination showed pus to be coming from the
left kidney only and the orifice of the ureter was deeply congested and
dilated. An x ray photograph showed the kidney to be enlarged,
very dense, and the pelvis contained a Y-shaped calculus. An
exploratory incision was made on July 4th, 1906, when the kidney was
found to be enlarged, dense, and firmly bound to the diaphragm above,
so that it was impossible to drag the organ into the wound. The
calculus was firmly adherent to the pelvis and considerable difficulty
was experienced in extracting it.

In this case pyuria was the only symptom of the disease,
and this even although the stone was a large one. Doubtless
the formation of the stone was a consequence of the suppura-
tion in the kidney rather than the cause, and the reason why
pain was not a pronounced feature of the septic condition
was probably due to the circumstance that firm adhesions
had formed around the calculus and bound it tightly in its
place.

For diagnostic purposes it should be remembered that renal
pain may be due to one of the following causes : (a) Obstruc-
tion to the exit of the urine from the pelvis, such as a stone
in the ureter, kinking of the ureter, the formation of a valve
which closes its mouth, tumour pressing upon the vesical
orifice, or thickening of the walls of the ureter in septic and
tuberculous disease; (b) the presence of a foreign body, a
tumour, or an inflammatory lesion in the pelvis ; (c) sudden
increase in the tension of the kidney, either by an increase
in the blood pressure or by the formation of new material in
the renal parenchyma leading to increase in bulk of the
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-organ and distension of the capsule, such as venous disten-
sion, renal strangulation, acute septic and tuberculous
disease, tumours, &c. ; and (d) traction upon the nerves by
- displacement of the kidney, by increase in its bulk, or by
pressure upon the nerves in its vicinity. 
We may now consider how far pain in the region of the I

kidney may assist us in forming a diagnosis. It is not I
possible to classify surgical affections of the kidney accord-
ing to the presence or absence of pain, for the greatest
variation in this respect may be observed in the same disease
in different individuals, or, again, a lesion which at one

-stage gives rise to little or no suffering may at a later period
- cause considerable pain. It may be generally stated, how-
ever, that in diseases where the increase in bulk of the organ
is slow, or the distension of the pelvis is gradual, the
lesion is not characterised by much suffering ; for example,
dn simple chronic hydronephrosis, in polycystic kidney, and in
tuberculous nephritis without pyelitis. In cases of a calculus

impacted in the substance of the kidney little pain may be
referred to the organ, whereas such diseases as pyonephrosis,
suppurative nephritis, perinephric abscess, tuberculous

pyelitis, and calculus in the pelvis or in the ureter usually
give rise to considerable pain.

Paroxysmal pain coming on for longer or shorter periods,
with intervals of complete relief, is generally caused by some
obstructive lesion-calculous obstruction, torsion of the

fireters, obstruction by pus, tuberculous debris, hydatid
- cysts, or blood clot, or from spasm of the ureters. It may
also be caused by the poisons of rheumatism or of gout, or
by some of the malarial poisons.
On the other hand, persistent pain of renal origin is most

likely to result from some inflammatory affection of the

pelvis and ureter, such as the presence of an impacted stone,
the existence of malignant disease, or a tuberculous lesion.
Sometimes also persistent pain may be induced by the irrita-
tion of highly acid urine.

Reflex pains not infrequently mislead the diagnostician in
two ways : on the one hand, while the kidney is diseased the
renal region may be free from pain which is referred to
- other parts ; or, on the other hand, the kidney being healthy
lesions elsewhere may cause severe and what appears to be
- characteristic renal pain. As a rule, the distribution of
reflex pains is over a wide area. They have, however,
been classified according to the part to which the pain is
Mnected. Hence we may speak of (EC) reno-renal reflex,
(71) reno-ureteral reflex, (c) reno-vesical reflex, (d) reno-

urethral reflex, (e) reno-testicular reflex, (f) reno-ovarian
reflex, and (g) gastro-intestinal reflex pains.

Limitation of the pain to the kidney on the opposite side
to the one that is the seat of the disease is uncommon, but,
as I pointed out in articles in THE LANCET 1 and the Glasgow
Medical Jeacrnal, cases do occur and are very liable to lead
the surgeon to operate upon the sound, rather than upon the
- diseased kidney. The first case of this kind which came
under our observation was one of repeated attacks of renal
- colic, limited to the left side, and accompanied by hagmat-
uria from the right ureter only. The attacks were usually
iarotight on by active exercise or by driving, and were

accompanied or succeeded by hasmaturia which usually
tiasted for some days after the pain had passed away. The
patient was sent into the Oentral Home " during one of these
attacks, and on examination with the cystoscope blood wat
seen to flow from the right ureter only. This was observed
- on several occasions and I advised an exploration of th(

right kidney, but the patient was so convinced that th(
disease was on the left side that he would not consent to ar

operation being done. This was in 1899. Since then I hav<
seen four other cases, and in one which I operated upon th
(patient was very reluctant to submit to an exploration o
r:ibe kidney which was free from pain and contended for som
C11l<5ll.ths against operative interference, but when he was tol(
tthat the blood came persistently from what was believed b:
ihirn to be the sound kidney, and that every x ray photograpi
’pl2-te taken showed the shadow of a stone in the pelvis o
’the kidney he ultimately gave in and we removed the calculus
’followed by complete cessation of the pain in the opposit
side. Subjective signs are very untrustworthy in thi

department of surgery but fortunately we are not dependen
upon them for our diagnosis.

1 THE LANCET, April 23rd, 1904, p. 1111.

2. &mdash;eM and Painful Mictu.rition.
The kidneys are most intimately connected physiologically

with the urinary bladder which anatomically may be

regarded as simply an expansion of the lower ends of the
ureters ; all the elements, the mucous lining, the muscular
coat, the nerves, the blood-vessels, and the lymphatics being
continuous. It is little wonder, then, that in renal calculus
suffering is frequently referred to the bladder, even when
that organ is free from disease ; indeed, in some cases the
bladder irritation may be the only symptom complained of.
Such reno-urethral, reno-vesical, and reno-testicular reflex
pains are well recognised manifestations of stone in the

parenchyma or in the pelvis of the kidney. I would not 
..

call attention to them in detail were it not that on many
occasions, on account of the pain being referred by the
patient only to the bladder or the penis, the question of the
presence of a stone in the kidney had been overlooked and
the patient is sent to the surgeon as a case of cystitis or of
stone in the bladder.
The systematic use of the cystoscope has shown us how

frequently in cases diagnosed as cystitis and stone the
bladder is healthy, the pain and the frequent micturition
being due to reflex influences. These symptoms require very
careful attention and the cystoscope will alone save us from
many and serious errors. The following case illustrates this
point.
CASE 3. At first diagnosed as acute cystitis ; history of excessive

irritation at the neck of the bladder,’ constant pyuria, occasional
haematuria, and absence of lnmbm’ pain,’ ; very frequent and painfta
rnicturition, no vesical calculus, and no tubercle bacilli in urine ;
cystoscope revealed blood escaping from the right ureter only and
slight hyperaernia of the bladder ; x rays showed a shadow 2n the
right MdHgy; phosphatic stone removed relief of symptmns.-The
patient, aged 31 years, while on board a steam yacht on July 16th,
1904, lay down for an afternoon siesta and slept for nearly two hours,
lying on a narrow couch on her right side. She suddenly wakened with
a start and felt that she had been lying in an "awkward position." On
sitting up she had a slight rigor, which was attributed to a chill caused
by sudden fall in the atmospheric temperature while she was asleep.
Immediately she arose from the couch she had a clamant desire to
urinate and she passed about a tumblerful of turbid urine, which was
not kept. Within ten minutes she again tried to pass urine but only a
few drops came away, and this desire continued at short intervals till
the afternoon of the following day, when gradually the desire to
micturate became less pronounced, although it continued to be very
troublesome and painful. In the evening she landed at Oban, betook
herself to bed, and was treated for acute cystitis. We first examined her
on Sept. 3rd, and the following is a short epitome of the history since
the onset. Frequent and painful micturition has been the main com-
plaint, but on careful inquiry the patient admits that prior to that date
the urine was occasionally noticed to be cloudy, and was seldom per-
fectly clear, but this gave her no concern. Since July 16th, on several
occasions she observed blood in the urine, but the haematuria never
lasted more than for a few hours. The most severe bleeding occurred
on the evening after travelling from Oban to Edinburgh. The medical
man whom she consulted in Edinburgh examined the urine and found
that it contained pus and blood but no tubercle bacilli, and a surgeon
who sounded the bladder failed to find a stone. Further inquiry showed
that she had suffered from lumbar pain for a fortnight or less in
October, 1901; and that it was attributed to "lumbago," and was severe
for a few days only. She noticed, however, that about that time the
urine was constantly clouded, but she did not mention the

. fact to her physician, so no examination was made of it. On
admission ’to the " Central Home," the patient complained only
of pain and frequency in micturition, and referred the pain
entirely to the neck of the bladder. She passed urine at intervals

. of half an hour, and, except while asleep, seldom retained more than an
ounce. The urine was highly acid, of specific gravity 1018, contained

’ albumin in small quantity, about a half per cent. of pus, a few red blood
 corpuscles, and abundant acid phosphates. Colon bacilli were found in
 large numbers but no tubercle bacilli were discovered, either by the
’ 

microscope or by inoculation. There was no spontaneous pain in the
 renal region but there were undue sensitiveness on pressure with the
S hand over the right kidney and slight increase in the bulk of the
) organ. The hsematuria recurred on Sept. 12th, and on cystoscopic ex-

amination blood was found to be escaping from the right ureter only, and
 beyond slight h3,per&-mia around the neck of the bladder the mucous
membrane was normal. There was considerable irritation, however, at
i the lips of the right ureter orifice, the capillaries were much injected, the

orifice was oval shaped and considerably dilated (Fig. IV.), and an x-ray
photograph showed a small stone in the pelvis, which proved at the
6 operation to be composed of acid phosphates. The calculus was of

about the size and shape of a horse bean, the surface being studded over
with minute nodules, none of which were sharp or of large size (Fig. 5).

S The patient had consulted several eminent surgeons and, judging
from the symptoms, they all concluded that the disease from which she
y was suffering was acute cystitis. This opinion was supported by the
sudden onset of the pain, frequent and painful micturition, constant
pyuria, and occasional hsematuria, and the absence of pain in the
f lumbar region. A sound had been passed and no vesical calculus had

been found and the urine was free from tubercle bacilli.
’’ When we took charge of the case the diagnosis already made appeared
’6 a very probable one, but on questioning the patient she confessed to
is having suffered from " lumbago in the right lumbar region three
It years ago, but then only for a few weeks. The pain was very severe at

first but gradually passed off and she had forgotten about it and did
not think that it had any connexion with her present illness. This

- 
occurrence of lumbar pain led to the suspicion of some renal trouble.
We therefore explored the bladder during a hsematuria and found the
blood to be of renal origin. The appearance of the mouth of the ureter
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also aroused suspicion and an x ray photograph being taken the
diagnosiswas completed. (Figs. 5 and 7.)
Testicular pain may be the only symptom of the presence of

a stone in the kidney.
CASE 4. Testicular pain; operated on for varicocele without relief ;

cystoscopic appcarances in tlee bladder and an x ray shadow the only
evidence of reual, calculus; oxalate of lIme stone, re1noval.-The
patient, aged 35 years, consulted me on August 15th, 1907, when he
stated that he had had an operation performed two years ago for
varicocele in the belief that the pain was due to a varicose condition of
the veins of the left testicle, but cure of the disease gave no relief to the
pain, which became even more severe. Removal of the testicle had been
suggested, but the patient, who was a married man, would not consider
the question. We were asked to examine the bladder, as slight enlarge-
ment of the prostate was detected by rectal examination. Inspection
of the bladder showed a little enlargement of the middle lobe of the

Fis.5. FIG. 7.

prostate and very marked hyper2emia around the orifice of the left
ureter from which frequent small shoots of pale urine were escaping
(Fig. VI.). The shoots from the right ureter were six in five minutes and
from the left 19 in five minutes, or nearly one every 15 seconds. This,
together with irregularity in the size of the shoots from the left kidney,
was taken as a proof of undue irritation of the left kidney, and we had
an x ray photograph taken when a small oxalate of lime stone was found
in the left ureter ; when it was removed the testicular pain subsided.
The calculus (Fig. 7) was larger than a horse bean and the surface was
marked by sharp nodular projections by which the stone was firmly
fixed in a pouch of the ureter. At no time were any abnormal con-
stituents found in the urine, except occasionally a slight trace of pus
and albumin.

On account of the intimate relationship which exists
between the nerve supply of the kidneys and that of the
alimentary canal renal pain, especially if intense, is accom-
panied by more or less gastric disturbance, varying in degree
from the mildest attacks of nausea to the most violent

vomiting of bilious matter, flatulence, and gastrodynia.
These symptoms are not limited to the period during which
the patient is suffering from renal colic-that is to say, co-
incident with the impaction or slow passage of a calculus, but
they are likewise prevalent in cases where the stone is fixed
in the pelvis or parenchyma by the kidney. Indeed, in a few
instances intestinal colic, nausea, and vomiting are the only
pronounced symptoms, and unless the urinary passages are
examined and the urine scrutinised a wrong diagnosis may
be made.

3.-Increased Sensitiveness or Painful Sensation on Pressure
in the Renal Region.

Under normal circumstances moderate pressure upon the

kidneys through the abdominal parietes does not produce
pain or even discomfort; it may, indeed, be laid down as a
principle that when such pressure induces pain there is some
alteration in the kidneys. Undue tenderness shows itself
in increased muscular resistance to pressure with the hands.
In order to determine increased sensitiveness in the kidney,
the patient lying upon his back with the knees well
elevated by pillows, the surgeon should pass one hand
behind the lumbar region and with the other hand exert
gentle, but firm, pressure in the direction of the kidney.
When the muscular resistance is overcome and the pressure
continued a peculiar, deep, dull, sickening feeling is experi-
enced by the patient, which, as a rule, he can easily
distinguish from the superficial aching consequent upon the
compression of muscle.
Another method of determining the sensitiveness of the

kidney is to give a sharp tap in the lumbar region behind,
or sudden firm pressure with the closed fist in front. In
some diseases, most notably in renal calculus, a sharp,
stinging pain is thereby produced. The one side should bf

carefully compared with the other. In cases of irritable
moveable kidney considerable pain may be induced b3
sudden pressure such as we have just described if the trans
verse processes of the lumbar vertebrae are abnormally long
The kidney being embraced between the fist and the bon
processes is squeezed more effectively than usual by thl
pressure, and consequently the pain induced by the exa
mination is apt to be misleading. A case which m

examined lately brought this point prominently into notice.
i student, aged 23 years, sent by the late Sir T. McCaU
Anderson, complained of pain in the region of the right
kidney for over two years, often so severe as to incapacitate
him for his studies, and prevent him from taking even

moderate exercise. He found that any pressure over the

organ increased the pain. Otherwise there were no sym-
ptoms, but on examination the urine was found to contain
a trace of albumin and a considerable deposit of oxalate of
lime. On testing the sensitiveness of the kidney we found.
that the organ was very irritable, so that when the

kidney was pressed upon the patient shrieked, just as we find
in cases of mulberry calculus. And, moreover, a hard body
was felt through the kidney. On taking an x ray photo-
graph, however, no stone was found, but the transverse

processes of the lumbar vertebrse were discovered to be fully
two and a half inches long, which accounted for the undu
effect of pressure.
When renal calculus has given rise to, or is associated

with, suppuration, the symptoms are generally distressing and
persistent. The amount of irritation in the kidney, the renal
pelvis, and ureters caused by a concretion depends largely
upon its nature and situation. The rougher, heavier, and
more freely moveable a calculus is, the higher will be the

degree of irritation, as manifested by symptoms of pyelitis or
pyonephrosis superadded to those of calculus.
When we come to consider the operations for renal,

calculus, it will be evident that the most important factor.
to be taken into account is the presence of suppuration.
Statistics show a very great difference in results obtained ir&

septic and aseptic cases, so must it also be of great practical,
value for the surgeon previous to operating to determine
whether or not the nephrolithiasis is suppurative or non-
suppurative. The distinction between these two forms of
disease is not always easy, as it may be said that almost
all renal calculi cause the formation of some pus, which must

appear in the urine, and hence all cases of renal stones are
suppurative. But while this is true in the strictest sense,
and may lead to difficulty in individual cases, still, for
practical purposes, the two phases of renal disease are clearly
separable.

In the class of cases just referred to the slight pyuria 19
not attended with general constitutional disturbance, the
health is not materially affected ; the pus may be regarded as,
the result of slight traumatic lesions caused by the calculus
and the excretion is free from pyogenic organisms. The
urine is acid, not offensive, and when allowed to stand the
pus deposits rapidly and forms a distinct white line at the-
bottom of the glass.
While suppuration may be induced by the presence of s

stone in the renal pelvis, on the other hand, as in Case 2,
pyelitis may be followed by the formation of a concretion.

In suppurative cases the symptoms, superadded to those of
calculus, depend upon the nature and degree of the renal
inflammation. If limited to the pelvis, the complication
may not for the time being be serious ; but if the calculus;
causes great irritation, or comes to be impacted in the pelvis.
or ureter, the more serious symptoms of pyelonephritis or
pyonephrosis may manifest themselves ; and if the inflam-
mation be of old standing the perinephric fat may become
condensed, and the kidney so enlarged as to be easily felt
with the hand.

, 4.&mdash;--iMMa..
As a symptom in calculous disease anuria may result : (a)

: from reflex inhibition without mechanical occlusion of the
. ureters ; (b) from impaction of calculi in both ureters, both the
r kidneys being healthy; (e) from impaction of a calculus in the-
J ureter of the working kidney, the neighbouring organ being

diseased ; or (d) from impaction of a calculus in the ureter of
 a diseased kidney, the other organ being absent.
, Suppression of urine may occur as a consequence of
ireflex inhibition of a disorganised kidney without the im-
, paction being such as mechanically to close the ureter ; the
e irritation of the calculus may produce suppression of urine.
e While the kidney with the old-standing lesion has had its;
y function seriously impaired by disease, it may have been
:- doing some work up to the time that the ureter of the-
:. other kidney became blocked. But when sudden obstruc-

y tion occurs in the ureter of the active kidney not only is the-
e escape of urine from the corresponding kidney checked, but
L- the already impaired action of the other kidney (the older
e ! diseased one) is suppressed by reflex inhibition of its
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functions. While the activity of a diseased neighbour may
be suppressed in this way, so also may the work of a

healthy kidney be suddenly stopped by reflex inhibition.
Examples of reflex inhibition of the functions of the kidney
are numerous. Complete suppression of urine may follow
the passage of a catheter and be succeeded by h&aelig;maturia for
some days. Then, again, cases occur of unilateral obstruction
produced by the presence of a calculus in one ureter causing
complete anuria, which may last for a considerable time,
from angular insertion of the ureter into the pelvis above, or
into the bladder below, or from torsion of the ureter in
moveable kidney. On the other hand, when the obstruc-
tion on one side reaches a certain point, the kidney on
the opposite side may fail to act, even while the hydro-
nephrosis continues to increase in size.

Although symmetrical impaction of calculi is not very
uncommon, the blocking of both ureters by stones passing
downwards simultaneously from their corresponding kidneys
must be very rare. Amoden records a case where a large
stone, imbedded in the trigone area of the bladder,
obliterated the orifices of both ureters, and Morris states that
a case illustrating the same condition occurred in the
Middlesex Hospital.

Calculus in one ureter causing complete occlusion, the
other kidney being incompetent, leads very soon to

suppression of urine. Before suppression occurs the patient
experiences, in the region of the affected kidney, pain, which
may be limited to the lumbar region or it may extend along
the line of the ureters to the bladder or down the thighs.
This may be associated with considerable vesical irritation
and a desire to micturate, even although the bladder is empty
or nearly so. The course of events that follow depends upon
the nature of the obstruction and the degree to which the
function of the kidney on the opposite side is impaired.
Calculous anuria may last for many days without the

development of symptoms of toxic poisoning, and if the
kidney has previously been the seat of hydronephrosis the
period will be more prolonged than if the organ is not so
affected. This delay in the development of so-called
’’ ur&aelig;mic symptoms " is the feature which distinguishes
obstructive anuria from suppression of urine due to disease of
the renal parenchyma. Indeed, in calculous anuria death
may occur without the occurrence of any of the ordinary
symptoms of urasmic poisoning. The early appearance of
symptoms of toxic poisoning in the anuria of organic disease
of the kidney is explained by the circumstance that, during a
long period prior to the actual suppression of urine, there
have been a steady decrease in the elimination of waste

products, and a gradual storing up of toxins in the system, so
that when the kidneys stop working the poisoned state
of the circulation cannot be relieved sufficiently by the
complementary action of other organs, such as the skin, the
lungs, or the alimentary tract. Calculous anuria may be
divided into two stages-the tranquil term and the toxic
period.
The symptoms of toxic poisoning do not necessarily imme-

diately follow the obstruction to the escape of urine or the total
inhibition of the excretion. Sir William Roberts states that
when suppression is complete life is generally prolonged foi
from nine to eleven days from the onset. In studying the reo
corded cases it will be found that, after urine has ceased tc
flow, the outburst of indications of toxic poisoning is sometimes
delayed only a few hours, while in other cases many days
may pass without any serious toxic symptoms showing them.
selves. As a rule, for some days the suppression of urine ii
unassociated with any serious symptoms. The pulse, respira
tions, and temperature are normal ; the appetite may bE
good, the tongue clean, and there may be a total absence o:
digestive disturbance. There may be frequent or occasiona
desire to micturate, but no urine is passed, except in smal
quantities and at long intervals. Sometimes a few ounces o
urine of low specific gravity, slightly albuminous or evei

tinged with blood, may be voided; days pass and the onl;
obvious change is rapidly diminishing muscular strength
with at first occasional, at a later period frequently repeated
muscular twitcbings ; the mouth, tongue, and palate becom
dry. and all appetite for food is lost.
Having discussed fully the symptoms, we may now con

sider the physical signs-namely, (I.) the presence o

abnormal constituents in the urine ; (II.) examination of th
kidney and evidence of obstruction to the escape of urin
(hydronephrosis and pyonephrosis) ; (III.) certain morbi

changes in the bladder; (IV.) physical evidence of the

presence of stone as shown by (a) digital examination, (b)
by cystoscopy, (e) by sounding the ureters, (d) by pelvic
distension, (e) skiagraphy, and (J) by direct exploration of
the kidney.

I.&mdash;The Evidence of Abnormal Constituents in the Urine.
Chemical analysis and microscopic examination.&mdash;The next

question to be answered is, Can chemical analysis
of the urine or microscopic examination of the deposit
reveal the presence of a stone ? ‘! The answer is : No;
all they can do is to indicate the composition of the stone ;
they cannot positively prove its presence. A careful chemical
and microscopic examination of the urine is necessary in
every case of suspected renal calculus. The daily quantity
of the various normal constituents should in all cases be
estimated, and the presence of morbid elements, such as

crystalline deposits, albumin, mucus, tube-casts, pus,
blood, micro-organisms, and toxins, should be ascertained.
It is the crystalline deposits which first demand our atten-
tion. The urine should be centrifuged immediately on

being passed, and to make the observation reliable for
bacteriological examination the urine must be conveyed from
the bladder to a sterilised vessel with proper antiseptic pre-
cautions. In cases of renal calculus the crystals deposited
from the urine are not always a certain indication of the

composition of the stone, as sometimes the excretion under-
goes changes in the bladder, especially in the presence of
bacillus coli and septic organisms. We have frequently
found crystals of triple phosphates in the urine of a patient
from whom we removed a pure uric acid stone or one com-

posed of oxalate of lime.
Special attention should be paid to the reaction of the

urine and the nature of the sediment which is separated
immediately after micturition, as the deposit thrown down
from a urine on standing is of little value. When freshly
passed urine is acid, crystals of uric acid, oxalate of lime, or
cystine may be separated at once and so give an indication
of the nature of the concretion.

Besides microscopic deposits, small grains or minute calculi
may be voided, and, falling to the bottom of the vessel,
attract attention, and aid one in forming an opinion of the
character of the concretions. Should, however, such evidence

, 

be wanting, other indications may be sought for. Uric acid
- calculi are indicated when the symptoms appear during the
, vigour of early life or in individuals liable to attacks of

gout. In such cases the urine is strongly acid, the precipi-
tation of the uric acid being indeed the consequence of

) decomposition of the urates by free acid.
On the other hand, should the urine be clear and contain

a large percentage of lime salts, and precipitate on standing
crystals of oxalate of lime, at the same time that the patient

- complains of other symptoms of oxaluria, the probability
is that the calculus is one composed, in part at least, of
oxalate of lime. The formation of this calculus is fre-

quently associated with a grave amount of nervous prostra-
1 tion, and is most often met with in those who lead studious
t and sedentary lives. Calculi composed of urate of sodium,
r cystine, or xanthine are also found together with an acid
- condition of the urine, but their formation is so uncommon

that it is not necessary to discuss them here.
s In alkaline urine the calculus most commonly met with is
s one composed of mixed phosphates, or the centre of the
- calculus may be composed of a deposit from acid urine
s coated over with phosphates. When the entire calculus is
I- made up of one deposit the urine is usually alkaline early in
e the course of the case and remains so throughout, but when

the stone is a compound one the nucleus is either composed
Ll of uric acid, oxalate of lime, or urates. It must also be
LI borne in mind that crystals of triple phosphates may be

deposited from urine, which possesses an acid reaction when
n passed. Calculi of pure calcic phosphates are rare and
y seldom attain, when unmixed, any considerable size, but
i, while the small nucleus may be formed of calcic phosphate
1, the bulk of the stone, which may increase greatly, is made up
Le of mixed phosphates. Concretions of carbonate of lime are

very rare ; in fact. it has been held by some observers that
1- calcic carbonate is never deposited in the form of a renal
)f calculus, except as a secondary formation, when it is pre-
te cipitated along with phosphate of lime or triple phosphates.

H&aelig;maturia.&mdash;Next to pain the appearance of blood in
id the urine is the most usual cause of alarm and the reason
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why the patient consults his physician. It is one of the most fro

frequent signs of renal calculus, and the most obvious cal
characteristics of this form of h&aelig;maturia are that the

bleeding is seldom profuse or obstinate. The blood is py
generally light in colour and the haemorrhage is, as thi
a rule, brought on by sudden movements or active prE
exercise, and it is associated generally with severe colicky
pain. These circumstances when accompanying or deter- ap
mining the h&aelig;maturia give the symptom its special value. an

It is wrong to suppose that hasmaturia is a necessary conse- te

quence of renal calculus and must be found before a mi

diagnosis of stone is made. In cases of renal calculus th
without suppuration, especially if the stone be impacted in BE
the renal substance, the symptoms are not marked ; indeed, de
the only indication of disease may be occasional slight renal gi
pains, with or without hoematuria, or severe pain may exist cc

for a time and then disappear for a long period. It is in is
such cases that the diagnosis of renal calculus is difficult, fc
sometimes quite impossible without the aid of the x rays. di
There may be renal pain, frequent micturition, slight h&aelig;mat-
uria, or even the presence of small quantities of pus in the
urine caused by an undue increase in the free acid in the ex- fi
cretion or from oxaluria. The habitual deposit of uric acid k
or oxalate of lime in urines of high specific gravity is often li
associated with dyspeptic, nervous, and other symptoms p
strongly suggestive of renal calculus. These may last for a

long periods, but if suitable treatment be adopted they a

usually disappear. On the other hand, considerable, some-
times enormous, stones may be discovered in the kidney by
means of the x ray or after death, although no renal dis-
turbance had been known to exist at any period during the
life of the patient. The latter is not uncommonly observed 
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in hospital practice. Under such circumstances the want of e

knowledge may reasonably be attributed in some cases to the c
carelessness of the patient, but such an explanation cannot I
be urged in several instances which have come under our
notice in private practice. S

In calculus, h&aelig;maturia is one of the most important sym-
ptoms. But while, on the one hand, it may be true to state
that of all causes of h&aelig;morrhage from the kidney calculus is
the most common ; on the other hand, a calculus may occupy
the kidney without at any time causing the patient to lose i
a perceptible quantity of blood. When the surface is smooth, i
as in many instances of uric acid calculus, little injury of the
mucous membrane is produced, and on examination only
traces of blood may be occasionally met with. Although
constantly present or oft repeated, hematuria from calculus
is rarely so profuse as to cause marked an&aelig;mia. The urine
is generally pink or bright-red in colour, the blood being
diffused through the urine, but if acid in reaction on standing
the blood corpuscles are readily deposited along with their
colouring matter, so that the supernatant fluid is left clear.
It may, however, be dark porter or coffee coloured, with a very
dark sediment on standing. In the h&aelig;maturia from renal
calculus casts of the ureter and calyces are rarely found.
Perhaps the most characteristic feature of calculous h&aelig;mat-
uria, as distinguished from other forms, is its dependence
upon movements of the body. Sometimes the appearance of
blood or an increase in the h&aelig;morrhage does not immediately
follow exercise but only shows itself after some hours or even
days. Only in rare instances is the h&aelig;morrhage considerable
so as to become dangerous. Such cases have been recorded
from time to time. In one reported by Schede an oxalate
of lime calculus the size of a cherry pip eroded a branch of
the renal artery, and at the necropsy was found in the pelvis
of the kidney. A patient admitted into the " Central Home 

"

complained of repeated attacks of pain limited to the right
lumbar region, with frequent micturition and occasional
profuse h&aelig;maturia, which was set down to tumour of the
kidney till we had an x ray photograph taken, when a
mulberry calculus was found loose in the pelvis, the mucous
membrane of which was found at the operation to be con-
siderably eroded.

In some cases of renal h&aelig;maturia casts of the ureters are
formed by coagulation taking place within the ducts, and
with the cystoscope the clots may be seen protruding from
the mouth of the ureter. During micturition the casts are
oroken up and their characteristic form lost.
The presence of blood in purulent urine is not of the same

significance as even minute quantities in sterile urine, for
the simple reason that in septic cases the whole circum-
stances are more complicated, and the blood may be derived

from many sources other than the friction caused by the
calculus.

Hsematuria may follow the spontaneous evacuation of a
pyonephrosis, even although blood cannot be discovered in
the urine at other times. I will describe an example of this
presently (Case 6).

Pyuria.&mdash;As the result of calculous pyelitis, prior to the
appearance of pus, the urine is usually observed to contain
an abundant quantity of mucus, which forms a bulky,
tenacious mass. So long as the urine remains acid the
mucus is readily deposited from the urine. This is especially
the case when the calculus is composed of oxalate of lime.
Before pyuria is observed microscopic examination of the

deposit may demonstrate the presence of large spheroidal
granular cells, degenerated epithelium, and a few blood

corpuscles. When the pyelitis, which in the early stage
is simply the result of mechanical irritation, has existed

for some time, the quantity of pus increases and the mucus
disappears. So long as the urine remains acid and no

. vesical disturbance arises, micturition is not unduly frequent
and the urine has not an offensive odour. But if there be

. frequent or considerable accumulations in the pelvis of the
L kidney as a result of obstruction, the fluid so retained is
i liable to septic infection, and if the organisms have the
iproperty of decomposing urea the urine rapidly becomes
r alkaline and glairy, has an offensive odour, and is in almost
7all respects similar to the urine in cystitis.

II.&mdash;Examination of the Kidney by Palpation and Evidence
of Obstruction to the Escape of Urine.

e In uncomplicated cases of renal calculus there is not

3 usually much enlargement of the kidney. Swelling is not an
,f essential, although it is a very common feature in chronic

e cases, even independent of hydronephrosis or pyonephrosis.
constant irritation the calculus induces chronic passive

hyper&aelig;mia not only of the kidney itself but also of the
. 

surrounding tissues, hence we have vascular engorgement of
the organ and hyperplasia of the perinephric tissue. Occa-
sionally this induration extends to the lumbar muscles, and

I may lead to the lumbar pain being mistaken for lumbago.
A common feature in cases of renal calculus is not only

3e muscular rigidity from spasm, but also inflammatory indura-
tion. This muscular induration, while it is very apt to misguide

1’ the novice, is of value to the experienced observer. Increased
muscular resistance, along with the increased sensitiveness,
is often indicative of the side affected. On the side of the

v diseased kidney, the muscles of the abdominal parietes, espe-
ie cially those in the lumbar region, are hard, and palpation ofle 

the kidney is not possible without an an&aelig;sthetic ; whereas, on
19 the healthy side, the muscles are soft and pliable. In some

cases this muscular rigidity may be attributed to spasm, in;ir 
others it is the consequence of chronic inflammatory changes,1’. 
in the muscles themselves. When due to the former
an&aelig;thesia produces complete relaxation, when to the latter

al only partial softening is induced, and when the muscle is
t’ incised it is found to be infiltrated with inflammatoryit- ’ material and to have undergone degenerative changes.
ce These changes in and around the kidney influence the gait ofof 

the patient, as well as the position assumed in sitting ory lying in bed. The object that is unconsciously aimed at is
en the relief of pressure on the kidney. This is especially

noticeable in cases where the calculus has induced hydro-
ed nephrosis, pyonephrosis, or perinephric abscess.

The most marked changes in the bulk of the kidney are
of seen when the stone causes gradual and increasing obstruc-

tion to the escape of urine, or is associated with acute

i. suppuration. Renal calculus is not such a common cause of

hydronephrosis as is generally supposed. Of 665 cases of

he hydronephrosis which we collected,2 in only 17 was renal
calculus the cause of double hydronephrosis, and in 51 of

a single hydronephrosis. It is, however, a very frequent cause
lus of pyonephrosis. The explanation probably is to be found in.

circumstances that in non-suppurative cases the obstruction
is sudden. A small stone completely occludes the ureter, but
distension of the renal pelvis does not follow to a markednd 
degree. The amount of distension is not always in a direct
ratio to the amount of obstruction ; an apparently trivial
obstruction may cause a considerable dilatation of the ureter
and pelvis, whereas complete obstruction of the tube may be

me associated with comparatively little hydronephrosis.
for In incomplete or transitory obstruction the urine is only

2 Lectures on Surgical Diseases of the Kidney, p. 114.
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permitted to flow into the bladder at intervals. When relief
occurs the previously high pressure within the uriniferous
tubules and Malpighian capsules is suddenly diminished and
the vessels of the glomeruli, being relieved from external
pressure, a considerable hyperasmia is induced, followed by
rapid secretion of urine containing albumin. Supposing,
however, instead of a sudden relief of the constriction there
is stricture rather than transitory obstruction and only
leakage through the narrow passage is possible. In these
circumstances the activity of the gland will be maintained
with a constant and slightly varying pressure within its

cavity. If this be long continued considerable hydro-
nephrosis will result. There are therefore two conditions
which cause considerable distension : partial obstruction of
the ureter with leakage and complete but transitory oblitera-
tion associated with repeated sudden collapses and dilata-
tions of the upper urinary tract. Hence impacted ’ calculi
not completely occluding the passage cause advanced hydro-
nephrosis. When the ureter is obliterated completely a
different course of events follows. Atrophy of one kidney
when induced by sudden and complete obstruction to the
ureter is usually rapid, and is in most instances followed

by a compensatory hypertrophy of the gland on the opposite
side.

In hydronephrosis the distended kidney presents all the
physical characteristics of a renal swelling, and, in addition,
fluctuation can be made out either by bimanual palpation or
by a wave impulse being felt. The swelling may subside
simultaneously with a sudden and copious discharge of urine
of low specific gravity. This is quite characteristic of

transitory hydronephrosis.
In calculous pyonephrosis the distension of the pelvis may

be of very old standing and in not a few cases the patient
refers his trouble more to the bladder than to the kidney and
thereby leads to difficulties in diagnosis.
CASE 5. Difficult and painful micturition; persistent pyuria and

occasional h&aelig;maturia ; pain in back not a marked symptom ; suspected
chronic cystitis proved to be old-standing calculous pyonephrosis ; ;
purulent urine from the right kidney only; nephro-lEthotomy followed
by disappearance of the bladder symptoms.&mdash;The patient, aged 50 years,
was admitted to the Royal Infirmary, Glasgow, on April 29th, 1907,
complaining of pain in the bladder and frequency in micturition, also
of a feeling of fulness over the abdomen and occasionally pain in the
back which was never very urgent. The patient was satisfied with the
opinion that he received from his medical attendant at the onset of the
complaint&mdash;namely, that he was suffering from inflammation of
the bladder. He found that rest relieved him, while exercise, espe-
cially cycling, which his occupation demanded, always increased the
irritation in the bladder. Very often after a cycle ride he found that he
could not pass urine unless he took a short walk, after which the urine
came away, but its passage was associated with great pain. At this
time (1900) he noticed that often the urine contained "thick stuff like
matter," but it was never coloured so as to suggest to him the presence
of blood. He also at this time suffered from "shooting pains" in the
urethra, and once or twice the flow suddenly stopped before the bladder
was empty. This condition continued for five years, till one morning,

- when micturating, he felt less pain than usual, but at the end of the act
pure blood came from the urethra in considerable quantity, and
although his doctor had since then found blood in the urine on micro-
scopic examination, the amount had never been so large as to be
noticed by himself. From the time of the hsematuria the "shooting
pains" discontinued, while all the other symptoms remained till the
present (1907).
On admission physical examination of the abdomen showed consider-

ably increased resistance over the stomach and colon, especially on the
right side, but on deep palpation the kidney could only be made out
with difficulty, while firm pressure did not elicit undue tenderness.
The left kidney could not be felt. On May 1st, the bowels having
been thoroughly cleared an abdominal examination was made under an
anaesthetic, but even with the muscles well relaxed the kidneys were
not easily palpated. The prostate was not enlarged. An attempt was
made to get a view of the bladder with the cystoscope, but after many
washings the fluid continued to come away loaded with pus and
flocculent mucus. The examination was therefore abandoned and the
bladder was ordered to be washed out twice daily. On the 10th the
washings were clear, and a good view was obtained of the bladder.
The mucous membrane was found to be slightly thickened and
darker in colour than normal, but there were no changes such as

would be expected in an old-standing case of cystitis. The mouth
of the left ureter was normal and clear urine was seen passing
from it, but from the right the urine was mixed with pus, and the
shoots were small and frequent. The mucous membrane in the
neighbourhood of the right ureter orifice was more deeply coloured
than elsewhere, especially along the ridge of the trigone. The lips of
the opening were also deeply injected. (Fig. VIII.) Nephrolithotomy
was performed and a large, soft, phosphatic stone was removed from the
right kidney, after which the bladder symptoms completely dis-
appeared, and within two months the urine was practically normal.

In more acute cases the diagnosis is easy. The physical
signs are similar to those just described, but the nature of
the fluid which escapes and the constitutional symptoms
accompanying the disease are sufficient to clear up the

diagnosis. A kidney with a pyonephrosis is tender to the
touch ; as a rule, there is a history of pain in the renal

region, not severe, except at intervals, but persistent, and
when the pain increases it is generally associated with a
diminution in the amount of pus in the urine, with fever and
vomiting. There are loss of appetite and gradual emaciation.
With a free discharge of purulent urine the acute symptoms
subside, there is a sudden reduction in the size of the

swelling, but the renal pain is often increased, and if the
urine is carefully examined small quantities of blood may be
found. In not a few instances we have detected h&aelig;maturi&aelig;

following the discharge of pus in calculous pyonephrosis ; this
is well illustrated in the following case :&mdash;

CASE 6. Old-standing pyonephrosis, with phosphatic calculus in left
kidgiey: history of bladder irritation ancl renal pain of eight years’
duration : nzoderate enlargement of the left kidney ; frequent discharges
of purulent urine, followed by aggravation of renal pain and h&aelig;morrhage
frorn affected kidney, onlti a,fter evacuation of plls.&mdash;The patient, aged
45 years, consulted me early in November, 1905. Ten years prior to that
date he was playing lawn tennis, when he suddenly strained himself
and had to discontinue the game. The pain was located in the left renal
region, and the first urine passed after the strain contained a small
quantity of blood, but from that time onwards he did not detect any
distinct colouration of the urine associated with the pain. For two
years he suffered little, if any. and considered the incident as one of no
importance. In 1897 he began to complain of frequent and painful
micturition, and noticed that on some occasions the urine contained a
considerable deposit which his doctor told him was pus. These sudden
evacuations were coincident with an alteration in the character of the
pain. Prior to the escape of pus, the pain was of a dull aching character,
constantly present, and associated with considerable loss of appetite
and general feeling of malaise, but when the evacuation had taken place
the suffering was more acute and colicky in character, and he noticed
himself that this acute pain was followed by the presence of small
quantities of blood in the urine. At first these attacks were compara-
tively seldom, but within the last year (1905) they had been tolerably
frequent, as often as one attack in three weeks. The first sample of
urine submitted contained a large quantity of pus mixed with mucus
and loaded with crystals of triple phosphates, and on bacterio-
logical examination the suppuration was found to be due to a mixed
infection of bacillus coli and staphylococcus aureus. No blood
could be discovered by microscopic examination. The urine having
been comparatively free from pus for over a week, on Nov. 13th
the patient had considerable pain in the region of the left kidney
and unusually irritable condition of the bladder. The left kidney was
found to be considerably increased in size, occupying the whole space
between the twelfth rib and the crest of the ilium. On cystoscopic
examination the mucous membrane of the bladder was congested and
the muscular wall hypertrophied. The hypersemia was most marked in
the area of the trigone and at the neck. There was a slight swelling
but no irregularity at the orifice of the right ureter, but there was very
distinct cedema of the mucous membrane covering the left ureter and
the orifice was widely dilated, the lips thickened and deeply injected.
Shoots from the right ureter occurred at intervals of about 30 seconds,
while no urine seemed to pass from the left ureter. On the 15th a large
quantity of pus escaped, greatly to the relief of the patient, but almost
immediately after he experienced acute pain, and he brought a
sample of urine containing a very distinct quantity of blood. An
x ray photograph revealed the presence of a moderate-sized Y-shaped
stone in the left kidney. A second cystoscopic examination was
made on the 16th when blood-stained urine was seen escaping from
the orifice of the left ureter (Fig. 9). Lumbar nephro-lithotomy was
performed and a rough Y-shaped phcspha’ic stone was removed from
a considerable sac formed by the pelvis of the left kidney.

Fm. 9.

This case leads one to speculate how far slight injuries may
by causing a small haemorrhage, create a point round which
urine salts crystallise, and the idea is strongly supported by
the fact that when a stone is opened the centre is almost
always on careful examination found to be formed of blood
clot or mucus. Doubtless when the pus was evacuated the
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sides of the sac came in contact with the rough surfaces of
the calculus and so excited not only considerable pain but
also h&aelig;morrhage.

IIL-Certuin s’llorbid Changes in the Bladder as seen
Associated with Renal Calcqtlus.

The cystoscope is of value in not only eliminating vesical
disease but also in locating the renal lesion. Hence it has
been our constant practice for many years in almost all these
cases to submit the bladder to a systematic examination. By
observing the appearances of the ureteral orifices, and deter-
mining the character of the urine escaping from them, we
can see in many instances that a clear excretion is flowing
from one ureter while perceptibly contaminated urine
is escaping from the other. We study: (a) the appearances
of the ureteral orifices ; (b) the character of the urinary shoots
as regards size, form, and frequency; and (c) the composition
of the effluxes; are they normal in appearance, or do they
contain some morbid material ? Before describing the pecu-
liarity presented in cases of renal and ureteral calculus I

may say a few words regarding the conditions observed in
health.
When the bladder is well filled, say, to the extent of 16

ounces, the mucous membrane is of a pale yellowish-pink
colour, is attenuated and free from folds, the blood-vessels
are hardly perceptible, the lips of the ureters become almost
obliterated, and the orifices fiattened ; but if by slow degrees
the contents be permitted to escape, the colour brightens
and the mucous membrane gradually appears more bulky.
The folding of the mucous membrane first becomes visible

immediately above the trigone on the posterior surface, and
gradually fold after fold appears like small waves extending
from above downwards, and gradually assume larger dimen-
sions. The blood-vessels slowly become more and more dilated,
the lips of the ureters pronounced, and the orifices distinct.
A fully filled bladder is anasmic, one moderately
distended is well supplied with blood, an empty one is con-
gested. These conditions must be considered in making
observations. In a partly distended bladder the folds of
mucous membrane may hide lesions, consequently never be
satisfied by one examination or one degree of distension only.
The appearances presented by the trigone and by the ridges
corresponding to the lines of the ureters also vary in different
individuals and according to the degree of distension. In

many instances when the bladder is well distended the ridges
of the trigone are hardly apparent and the orifice of the
ureter appears to lie upon a flat surface. In other cases the

ridges limiting the trigone are pronounced, the interureteric
ligament appears as if a cord was placed transversely under
the mucous membrane and the openings of the ureters are
situated upon distinct eminences. Between these two

extremes there may be innumerable gradations. The
mucous membrane of the trigone is smooth and more deeply
coloured than that of the rest of the bladder, and when the
viscus is only moderately distended the limits of the trigone
are clearly defined. In disease other aspects present them-
selves, changes in colour, in size, in shape, and in the appear-
ance of the surrounding parts. Sometimes the mouths of the
ureters seem to be pushed out towards the lumen of the

bladder, in others they seem to be drawn in. These condi-
tions must be studied in the living subject, as after death
the appearances lose most of their characteristic features.

In health the urine collects slowly above the closed
sphincters at the orifices of the ureters, and at intervals is
thrown by squirts with considerable force into the bladder.
The length of the intervals between the shoots depends upon
the activity of the kidney. In favourable circumstances
about from 10 to 15 drops are ejected alternately from each
ureter every 30 or 40 seconds. By carefully watching the
line of the ureter, the portion coursing through the wall
of the bladder, the part immediately above the sphincter
will be seen gradually to distend. Immediately before
the urinary squirt appears the expanded duct is drawn
slowly upwards and outwards. It gives a sudden

wriggle, its muscular fibres contract, the sphincter is
forced open, and the contents are ejected. The urine as
it is thrown into the bladder forms a distinct jet
which shoots downwards and inwards. The spurt occupies
about two seconds. The form of the shoots can be seen most

easily in cases of renal hagmaturia. The aspect of the orifices
of the ureters individuallv and in relation to each other is
important to observe. It may be stated as a general

observation that when the appearance of the orifice of one
ureter is altered while that of the other is normal the renal
lesion is on the side of the morbid ureter. And again, if the
number of urinary shoots be counted within a given time as
they occur from each side and a marked difference is

observed, the side on which most shoots are seen is either the
site of considerable local irritation or is the most active

organ functionally. When due to morbid irritation the
shoots not only succeed one another rapidly but they are of
short duration and the urine expelled is small in quantity ;
whereas in increased functional activity the shoots, in addi-
tion to being frequent, are prolonged, and the amount of the
urine is large. Instead of coming in regular and distinct
jets every 20 or 30 seconds the force of the shoots may
be diminished. The manner in which the urine enters
the bladder may be so slow as to be hardly perceptible.
In stricture of the ureter, or when its lumen is obstructed

by a stone, the urine may dribble into the bladder, just as it
dribbles out of it in enlarged prostate or in stricture of the
urethra. In describing the orifices of the ureters we may
speak of the inner and outer lips and the upper and lower
angles. In many cases the orifice of a ureter may not be
visible, but it is not necessarily to be concluded that the
orifice is absent or displaced ; it may be merely hidden-at
one examination easily seen, at another not to be found.

In many cases of renal hasmaturia and in some cases of

pyuria the escape of blood or of pus from a ureter can- be
readily seen by the cystoscope. When the amount of blood

present is small but still sufficient to perceptibly stain the
urine the cystoscope is, in the male, more reliable than the
ureter catheter, the introduction of which into the inflamed
ureter may cause a little bleeding and so vitiate the value of
the observation.
Pus may escape in different ways, according to the con-

sistency of the fluid. In many cases the quantity of pus dis-
charged from the kidneys is small and its escape so irregular
that the cystoscope fails to establish from which kidney the
purulent urine flows. When, however, the diseased kidney is
secreting little urine and the quantity of pus is considerable
the discharge may be readily seen escaping from the ureteral
orifice. In some instances it is forced out of the ureter in
little masses of purulent discharge which may be seen on the
floor of the bladder curled up like dead maggots, unmixed
with the solution introduced for the cystoscopic examination,
but when the bladder contracts to expel its contents, the
force required to drive them out causes the purulent masses
to lose their form and become intimately mixed with the
fluid. In this way they are deprived of their characteristic
form, which can be observed only while they are within
the bladder. The appearance of small effluxes indi-
cates that the kidney from which they come has ceased
to be functionally active. On the other hand, when the pus
is seen to escape in distinct shoots, the kidney may be pre-
sumed to be still secreting a considerable quantity of urine.
The following case illustrates certain points of interest, and
shows the value of cystoscopic examination.
CASE 7. Repeated attacks of severe pain in both renal regions, asso-

ciated with h&aelig;maturia; x-ray result negative; mucous membrane ofthe bladder and right urteral results normal orifice of membrane ofthe bladder and right ureteral orifice normal ; orifice of the left itreter
widely dilated. and shoots from it unduly frequent, irregular and some-
times in undne omoMKt; occasionally urine stained with blood; irregular
uric acid calculus removed.&mdash;A young man consulted me in September,
1903, complaining of what he described as "lumbago pains." His
suffering commenced at the beginning of 1901, and during the two
years following never amounted to such a degree as to inter-
fere with his occupation, that of an electrical engineer. At the
beginning of 1903, however, he had a severe attack of pain across
the small of the back which necessitated him remaining in bed for
four days, after which the pain completely subsided. At this time
he did not notice any change in the character of the urine, although
there may have been some morbid constituents present without him
noticing it. A doctor whom he consulted examined the urine but
did not make any remark upon it. This attack followed a journey
from Glasgow to Liverpool, where he remained for two months. On
return to Glasgow at the end of May, 1903, he had a similar attack,
brought on probably by the railway journey. He took to bed and
had hot applications applied but did not seek the help of a doctor.
During this attack he noticed that the urine was red for about
24 hours only. A sample of urine contained a considerable quan-
tity of blood and he said that he had a third attack of lumbar
pain and was anxious to have something done to relieve it.
At no time was the pain more distinctly located in one renal region

, or the other but it seemed to extend equally to both. An x ray
, photograph was prepared which gave negative results. The spine, 

and pelvic bones were seen very distinctly but no shadow of a stone
could be discovered. During the continuance of the h&aelig;maturia

: a cystoscopic examination found the mucous membrane of the
, bladder strictly normal. The right ureter opening was healthy in, 

appearance and shoots of clear urine were seen escaping from it at
intervals of about 40 to 60 seconds. The orifice of the left ureter was
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of a bright-red colour, the mouth being widely dilated’(Fig. X.), and
at the upper limits the lip being sharply defined while the lower lip
gradually sloped away ; the urinary shoots were irregular in size,
rounded, some being small and others unduly large, and the intervals
varied from 20 to 90 seconds. These shoots were slightly stained with
blood but no blood clot could be seen either escaping from the ureter or
in the cavity of the bladder. Nephro-lithotomy was performed, when
an irregularly nodulated uric acid stone coated with phosphates was
removed from the left kidney (Fig. 11). The patient made a satisfactory
recovery and since the operation he has had no recurrence of the pain in
the back.

FiG.ll.

This case is of interest from the fact that the only con-
dition which determined the kidney occupied by the stone
was the cystoscopic examination. The calculus being com-
posed of uric acid gave no shadow, and the symptoms of the
case gave no clue to the side affected. The urinary shoot and
the appearance of the orifice of the ureter made clear that it
was the left rather than the right kidney which was occupied
by the stone.

IV.-Physical Evidence of the Presence of Stone.
This may be determined by digital examination, cysto-

scopy, sounding the ureters, pelvic distension, skiagraphy,
and direct exploration of the kidney. It is only right that
the greatest care should be taken to arrive at a definite con-
clusion not only as to the presence of a stone, but also as to
its situation, size, and form, so as to safeguard the kidney
from unnecessary mutilation by prolonged search at the.
operation. It is not of great importance to the surgeon to
know prior to operating whether the stone is in the substance
or in the calyx of the kidney. He can easily ascertain that
when he incises the kidney, but it is very necessary for him
to determine whether the calculus is in the kidney or in the
ureter, and, when it is in the latter, whether it is fixed or
moveable.

(a) Digital examination often gives important information
when the stone is situated low down in the ureter or at the
entrance of the ureter into the bladder.

Examination by the finger in the rectum or in the vagina,
according to the sex, and with a sound in the bladder, may
lead to the detection of a stone or the presence of disease in
the lower portion of a ureter. In the female, about three
inches up the vagina, the finger can detect, running back-
wards and outwards, two cord-like bands and can trace them
backwards for a distance of three inches or even more, until
they are lost behind the cervix, or follow them downwards
to the base of the bladder. The examination should be
made first when the bladder is well filled, afterwards when
empty ; and considerable help may be gained by pressing the
bladder downwards and backwards, with the hand in front
of the abdomen. In this way the ureters are made more
accessible and more resistant to the finger in the vagina or
rectum. In health the ureters feel soft and yielding, but as
a consequence of disease, and especially in tuberculous and
inflammatory lesions, they may lose their elasticity and be
converted into hard, rigid cords. In place of exercising
pressure with the hand in fiont, a sound may be introduced
into the bladder and its wall fixed, or the parts manipulated
between the examining finger and a sound introduced into
the bladder. The beak of the instrument is made to press
upon the line of the ureters. Exploration
vid the vagina is limited, but per rectum
the whole of the pelvic portion of the ureters
may be examined. The landmarks are the
internal iliac arteries, alongside which the
ureters lie.

In cases of stone impacted in the ureter, by palpation
through the abdominal parietes much information may be I
gained when the stone is situated above the brim of the 

Ipelvis, provided the walls are flaccid and the patient is thin, l

but when the muscles are rigid, which is often the case,
or the patient is corpulent, the detection of a stone
in the upper part of the ureter is almost impossible.
Pressure with the hand, however, generally elicits tender-
ness in the locality of the stone or may even induce acute
,pain.

When the calculus has passed to the lower third of the
ureter examination with the finger in the rectum or in the
vagina, according to the sex, may lead to the detection of
the stone and the exact situation occupied by it. A sound
should be passed into the bladder and with the left index
finger in the vagina or rectum the beak of the instrument is
made to press upon the line of the ureters and their orifices

(Figs. 12 and 13). In the female the urethra may be dilated
and the bladder be explored by the finger.

FIG. 12.

FIG. 13.

(b) The cystoscope, in addition to the appearances already
described, may prove the presence of complete obstruction to
the ureter by the fact that, even although the mouth is
patent and the duct admits a catheter, no fluid escapes. This
is most accurately observed after a hypodermic injection of
indigo-carmine or of aniline blue, after the patient has taken
a full drink of warm fluid.
When a stone is situated close to the orifice of the ureter

it may appear in the bladder as a distinct projection of the
mucous membrane, or it may protrude through the mouth of
the ureter so as actually to be seen. I have already de-
scribed cases of this kind.3

(c) Sounding of the ureters.-In cases of stone impacted at
the lower end of the ureter the ureteral catheter may fail to
pass, but on introducing a metal instrument, such as is

FIG. 14.

shown in Fig. 14, and which may be called a ureteral
resonator, the sound of the metal coming in contact with

3 Brit. Med. Jour., April 21st, 1900, and March 24th and 31st, 1906.
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the stone can be detected by the ear as well as by the
hand of the observer. The instrument consists of a probe
which is fixed in a small flat handle and prolonged into
a hollow brass globe or resonator. One end of an india-
rubber tube is fixed to the proximal end of the resonator ;
to the other end of the tube is fixed a wooden ear-tube, made
to fit the external auditory meatus of the observer. The probe
is introduced into the ureter and when an obstruction is met
with the ear-tube is fixed in position and the instrument is
rotated slightly. If a calculus is present the sound produced
by the probe grating upon it is easily heard.4
A method proposed by Kelly is to introduce a ureter

catheter or sound coated with wax. When the smooth wax

coating comes in contact with the rough stone its surface is
scratched, and this, when carefully carried out, gives not
only corroborative evidence of the presence of a calculus,
but the distance of the stone from the urethral orifice can be
measured (Fig. 15). While this method may be employed

FiG. 15.

with advantage in women through Kelly’s speculum it is not
so easily employed when direct illumination cystoscopes are
used. When the waxed catheter has to be introduced
through the shaft of the cystoscope scratch marks may be
made by the catheter canals and consequently lead to
erroneous conclusions. Kelly, in referring to his own

method, says : " There are three sources of error which must
be borne in mind in order that they may be avoided. In the
first place, the contact of the wax with the side of the
speculum may produce a facet. This should never be taken
for a scratch, and the wax need not touch the edge of the
speculum if the catheter is introduced with a steady hand
and the inner rim of the speculum utilised as a fulcrum. In
the second place, the catheter should be introduced into the
ureteral orifice with one direct forward movement; any to-
and-fro movements near the vesical rim of the speculum is
liable to produce scratches. In the third place, when with-
drawing the catheter, the speculum having been already
removed, the vulva must be held open, so that there is no
contact with the genital hairs."

(d) Pelvic distension by inserting a ureter catheter until
the eye lies in the pelvis of the kidney and then distending
with sterilised boracic acid solution occasionally gives valu-
able evidence in making a differential diagnosis between
renal and extra urinary pain. By repeatedly distending and
emptying the pelvis if a calculus is present severe pain is
produced followed by hasmaturia. Dr. Frederic Bierhoff of
New York says: "I believe that the hasmaturia which
results from the pelvic distension test in such cases as are due
to the presence of calculus is due to the dislodgment and
movement of the calculus by the stream of fluid, and that, as
a result of this dislodgment, slight traumatisms of the pelvic
membrane are caused by the stone with subsequent bleeding.
In such cases as do not present a stone the fluid simply acts
in the manner that the ordinary pelvic lavage does."

(e) Radiography. 7&mdash; In searching for renal calculus we
use both the fluorescent screen and the photographic
plate. These methods have the advantage that they
not only demonstrate the presence of stones, but they
also afford valuable information as regards their num-
ber, position, shape, and size. All matter is pene-
trated by x rays, and, roughly speaking, the penetra-
tion is in inverse ratio to the density of the substance.

Heavy metals, such as lead and silver, are almost impene-
trable, while lighter metals, such as aluminium, present little
hindrance to the progress of the rays. So likewise bone is

opaque compared with soft tissues but transparent as com-
pared with a stone or a metallic substance, and so it is with

4 Made for me by Messrs. J. Gardner and Son, surgical instrument
makers, Edinburgh.

5 Operative Gynecology, second edition, vol. i., p. 539.
6 American Journal of Urology, March 1906, p 233.

7 The skiagrams in illustration of this paper were taken by James R.
Riddell, L.R.C.P. & S. Edin., radiographer to the Royal Infirmary,
Glasgow

renal calculi. Some are more opaque to the rays than others.
We find that those composed of oxalate of lime give the
deepest shadow, uric acid the faintest, while the shadow of
phosphatic stones occupies an intermediate position. Hence
the chemical composition of the stone, and the greater or
lesser opacity associated with it, is a most important factor,
upon which the success or failure of the skiagraph largely
depends. By improvements in apparatus and in techique
now even small uric acid calculi can be detected by
the fluorescent screen, which is more accurate in the hands
of the skilled observer than the skiagraph. The skiagraph,
however, has the great advantage of being a permanent
record, while the other is literally a fleeting shadow. Kelly,8
quoting from Shenton, remarks : "One might draw a parallel
between the faint shadow seen upon the screen, and the faint
sounds heard in the stethoscope. To the untrained eye and
ear neither have any significance, yet it is possible that a
study of the ghostly screen effects may lead to a more
delicate and perfect method of ascertaining the condition of
the abdominal organs. However this may be, the search for
calculus is an established and comparatively simple process."
The movements of the kidney during respiration are

difficult to overcome, and while they interfere with the
clearness of a photograph plate they do not disturb a
view with the fluorescent screen. When the patient is

sitting upright, or standing, the abdominal movements are
diminished, also if the observations are taken with the

patient in an erect posture the shadow of the kidney is
liable to be obscured by the descent of the liver and spleen.
The following is the method carried out by Mr. James R.

Riddell of the electrical department of the Glasgow Royal
Infirmary. The patient, who is prepared by having the bowels
cleared beforehand, is laid on a canvas-topped couch face
downwards. Under the couch is a tube in a holder, so con-
structed that it can be freely moved in any direction while in
use. After its necessary connexion has been made, the operator
stands by the side of the patient, a sheet of metal being placed
between him and the tube to protect him from the rays. The
room is darkened and the tube excited. If the tube is of

proper penetration the shadows of the vertebras, ribs, and
iliac crests will be plainly seen. The tube is slowly moved
upwards and downwards and from side to side while the
screen is being fixed. If any abnormal shadow is seen the
tube is moved into the position which shows it most clearly.
A plate is laid on the patient’s back and the necessary
exposure made. If no abnormal shadow is seen the screen is

placed in the middle line above the level of the umbilicus
and the skiagram is taken from that position. When it is
desired to make use of localisation the procedure is precisely
the same. except that a metal cross is placed on the back of
the patient at the spot where the shadow is seen vertically
above the tube, and its position is marked on the patient’s
skin with Indian ink or silver nitrate (Fig. 16). The

plate is immediately developed and examined to see

that the exposure is correct and the tube of the proper
penetration, and should the result not be satisfactory these
are corrected and other exposures made until a perfect plate
is obtained. A skiagram to be reliable should show the

psoas muscle and at the same time the shadow of the soft

parts. The plate should be examined by transmitted light,
and all the light entering the apartment should be through
the plate. The observer should stand a considerable distance
off and look at it at different angles through a cardboard
tube, so as to cut off divergent rays. 9

There are many dangers of obtaining shadows which are
liable to be mistaken for those of stone, and we must admit
that the difficulties of obtaining a shadow of calculi in situ in
the kidney or ureter are due to many causes. It is by
recognising these difficulties that we have practically over-
come them and steadily the percentage of our failures is

becoming less. In each individual case the tension of
the rays and the length of the exposure must be carefully
considered, and before the shadow photograph is taken or,
better still, while it is being taken the penetrating power of
the rays must be observed through the fluorescent screen.
Before taking a photograph the position of the stone as seen
by the screen should be marked by cross wires (Fig. 16)

8 Operative Gynecology, second edition, vol. i., p. 567.
9 The illustrations are phototypes taken directly from the x ray plates

and untouched in any way. Therefore, while they contrast unfavour-
ably with tine-etched skiagrams, they give a true view of what can be
obtained in actual practice.
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which come out in the radiograph (Fig. 22). The wire can
then be removed and the relationship of the stone to the
cutaneous surface fixed by marking with ink.

Errors in diagnosis may be considered in two divisions-
(1) those in which the shadow is given and believed to be due
to stone but the surgeon fails to find one ; and (2) those inwhich a stone is removed by the surgeon but no shadow

FIa. 16.

betrayed its presence. The most common causes of false
shadows are the presence in the abdomen or in its walls of
substances with a high absorptive index, such as f&aelig;cal
accumulations, fruit stones, the presence of bismuth salts,
enlarged and calcified glands, old purulent accumulations,
cicatrices, and phlebolites.
A good negative result is shown in Fig. 17 from a

case of malposition and malformation of the right kidney
FiG. 17.

associated with symptoms resembling those of renal calculus
Many plates were taken, and while excellent in detail, show-
ins’’ the bone and muscle shadows very perfectly. no stone
was discovered, although all the symptoms pointed to the
presence of a calculus. An exploratory incision was

advised and at the operation the kidney was found to be
malformed and displaced, so that the circulation was

seriously interfered with and the escape of urine retarded,

but after a very careful search no stone was found either in
the kidney or the ureter.

In taking the radiographs it is important to make several’
plates, the rays being thrown at different angles in each-

plate. By so doing a stereoscopic picture can be obtained ;’
also a stone, the shadow of which is covered by bone-

(Fig. 18), may be thrown out clearly by an alteration-

FIG. 18.

in the position of the patient (Fig. 19). Thus, by
taking two radiograms in different positions what may be-
regarded as a negative result is got in one case, whereas a
positive result is attained in the other. The most common
and characteristic position for a stone is in the angular space
formed by the eleventh rib and the spinal column.

FIG. 19.

Very often the shadow of the stone i covered by the.
last rib. 10 A clearly derined shadow in this position is
almost certainly due to calculus ; it i" when shadows are
found in other region" that doubt arises. Those due to

10 The result given by this skiagram is not reproduced.
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- calculus may, of course, be found in any part of the
urinary tract, and the more closet the situation of the
-shadow corresponds with the anatomical position of the

pelvis of the kidney and the ureter the greater the sus-

picion of stone. It is therefore useful in doubtful cases
to pass a metal catheter into the ureters and photo-
graph it along with the stone. but, on the other hand, a
shadow well outside the line of the ureter may be caused by
a stone. Fig. 21 is from a case of chronic calculous pyo-
rnephrosis. The sac was a very large one with many pouches,

FIG. 21.

all of which were filled with purulent urine, and the walls
were firmly adherent to the surrounding parts. The x ray
plates first taken were very indistinct. When the pyo-
nephrosis was opened no stone could be discovered, but after
the sac had contracted a good radiograph was obtained,
showing several shadows, one due to stone, the others caused
by dense fibrous tissue. It is to be observed that all the
shadows are away from the kidney and the line of the ureter.

Fig. 22 is a typical case of oval calculus impacted in the

Fia. 22.

’ureter at the level of the crest of the ilium. The stone was

- easily located by the screen and a cross of silver wire placed
over it, the position of the stone being marked and the
radiograph taken. Immediately afterwards an exploratory
incision was made and the stone found to correspond
exactly in position with what was shown on the plate. The
- calculus was smooth on the surface and covered with

phosphates, but contained an oxalate of lime nucleus. In

Fig. 23 a calculus is seen close to the bladder and was

ultimately removed through that viscus.
Fig. 24 is interesting from the circumstance that the stone

was passed while the patient was under observation. An x

ray photograph showed a shadow at a point corresponding to
the union of the lower and middle thirds of the ureter, shortly
after the patient was admitted to hospital. A few days
afterwards the patient passed an irregular-shaped calculus
of about the size of a horse bean, and the same day another

FIG. 23.

x ray photograph was taken when the shadow shown in the
first photograph had disappeared.

(J) Direct exploration by incision is seldom now requiredfor diagnostic purposes. Doubtless all the methods described
have their limitations as well as their values ; to employ them
all may seem a tedious and complicated process, but in the
end, when properly carried out, they seldom fail to demon-
strate the presence of stone when a calculus occupies the
kidney, the pelvis, or the ureter, or its absence when the
symptoms arise from other causes. The most difficult cases

FIG. 24.

are those in which the calculus is small in size, is composed
of uric acid or its salts ; the stone is irregular in form, does
not cause complete obstruction, and having a smooth surface
it causes little irritation of the mucous membrane ; it is pene-
trated by the x rays, consequently throws no shadow ; pain
is seldom complained of ; h&aelig;maturia is absent or is rare, and
when present is short in duration and small in amount.
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Micturition is only occasionally troublesome and associated
with irritation, or the irritation is independent of micturition.
The evidence given by abdominal palpation and rectal
examination may be negative. Such a condition is illus-
trated by Case 8.
We have now only three methods to fall back upon-the

cystoscope, sounding the ureters, and direct exploration. In
our experience examination of the bladder always reveals, by
the appearance of the ureter openings, irritation in the kidney
when it exists, and demonstrates whether the symptoms are
due to vesical or renal disease. The appearances associated
with impacted calculus differ from those found to co-exist
with other sources of irritation.

CASE 8. 1esical irritation followiNg micturition without pynria,h&aelig;maturia, or pain in the renal regions; slight deposit of uric acid;
no x ray shadow ; bladder healthy ; pouting left ureteral orifcce
small calculus passed after examination.-The patient, aged 28 years,
consulted me on Oct. 4th, 1907, complaining of a considerable amount of
bladder irritation which she attributed to a chill at the beginning of the
year. Since that time she had had more or less trouble from frequent
micturition and slight attacks of spasm after the act, so as to interfere
with her duties. She was very well nourished and, with the exception of
the local symptoms, enjoyed perfect health. At no time was there any
pain referable to the renal regions, nor was there any reason to suspect
the presence of blood or pus. The only abnormal constituents dis-
co, e red in the urine were uric acid and a few crystals of oxalate of lime.
No tubercle bacilli could be detected by microscopic examination.
Examination of the abdomen failed to reveal anything further than
slight tenderness on pressure on the left side ; neither kidney could be
detected by the hand. Several x ray photographs were taken but no
shadow was discovered, nor could anything be found with the screen. The
urethra and bladder were strictly normal, but at the orifice of the left
ureter the mucous membrane presented the appearance represented in
Fig. XXV. The mucous membrane immediately around the orifice was
slightly injected and presented an oedematous appearance. It was also
slightly everted and presented the appearance of a minute mushroom
with an opening corresponding to the centre of the stem.

In this case the only positive facts were frequent and
painful micturition and the evidence of renal irritation as
shown by the appearance of the orifice of the left ureter.
The question was, What was the irritation due to, stone or
tuberculous disease? No tubercle bacilli were discovered and
no shadow was found on examination with the x rays. Then
we have the fact that there was the uric acid deposit in the
urine. Sufficient time had not elapsed to get the results of
inoculation experiments to test the absence or presence of
tubercle, so a positive diagnosis was not made further than
that the lesion was located in the left kidney, and was
probably either very early tuberculous disease, or a small
uric acid stone in the ureter. Within a week the patient
reported that she had passed a smooth, irregular-shaped,
pale-brown stone of about the size of a large green pea, and
since then all her symptoms have disappeared.

Should no changes be noted in the appearance of the
ureteral orifices or in the character of the urinary shoots, and
no stone discovered by the ureteral sounds, exploration alone
remains. The question is, Should it be employed, and if so,
under what conditions ? Let us take first non-suppurative
cases. Even where the suffering is of little moment and
there is no evidence of impairment of the general health, the
h&aelig;maturia infrequent and small in amount, and where there
is no history of the patient having previously passed
calculi, leaving the case to nature indefinitely is not free
from danger. In all cases a reasonable time should be
allowed to pass, as in many the stone is evacuated

spontaneously.
In reference to migratory calculi Morris very correctly

remarks : " It is better and far safer for the patient to

undergo an exploratory incision for diagnostic purposes in
the earlier stages of the affection than to run the risk of a
far more dangerous operation when a stone becomes impacted
in the ureter or has caused anuria, or after suppuration or
extravasation of urine has occurred in the perinephritic or
peri-urethral cellular tissue."
A number of years ago we pointed out the great advantage

of operating before suppuration was set up by the stone,
and showed that while the danger was great after septic
infection had taken place, in cases of calculus without pyuria
nephrolithotomy was practically free from risk to life, and
remarked in connexion therewith : "To contrast with these
unfavourable results we have the very satisfactory fact shown
by my statistics that, out of forty-two cases operated upon
for calculus without suppuration, there is not a single death
(pp. 255 and 258). This circumstance is of the utmost
importance, and demonstrates most clearly that the early
diagnosis and the prompt treatment of renal calculus by
nephro-lithotomy mean success, whereas delay in forming a

clear opinion of the nature of the case, and acting upon it,
not only entail much suffering to the unfortunate patient,
but involves enormously greater risk to life, should an

operation be demanded after serious structural changes have
taken place in the kidney." 11

Early operation and successful treatment go hand in hand
performed in the early stage of disease, and with all the
improved surgical methods of the present day, explora-
tion of the kidney is an operation attended with little
risk. Instances have been recorded, no doubt, where on
exploring the surgeon has failed to discover the stone he
expected to find, but in almost all of these the operation has
revealed the true cause giving rise to the symptoms, and it
has been the means of rectifying the morbid condition
present. The following two cases illustrate this-namely,
moveable kidney in short stout persons where palpation of
the kidney is extremely difficult, and in patients with

unusually rigid abdominal walls ; and secondly, in old cases
of perinephritis.

In exploring the kidney and ureters for calculus in the
great majority of cases we know before undertaking the
operation the exact position of the stone, but when, for the
reasons we have just referred to, this information has not
been obtainable the operation is one of discovery as well as
of cure. In such circumstances the kidney should be first
carefully examined and then the ureter explored. Let us
take first the operation for renal calculus; the oblique
lumbar incision is the one we employ. Starting at the outer
edge of the erector spin&aelig; muscles immediately below the
last rib, the incision is carried downwards and forwards to
the anterior superior iliac spine. Having divided the super-
ficial structure the latissimus dorsi and the edge of the
external oblique are seen. These having been cut through
and thrown aside the fascia lumborum is exposed, and when
divided the adipose capsule of the kidney is brought into
view. After division of the fascia, especially at the lower
and inner edge of the wound, the colon may bulge upwards
and require to be held aside.
When the incision has been made through the soft parts,

all the bleeding vessels having been secured, the edges of
the wound should be drawn well apart so as to expose the
adipose capsule of the kidney, which is sometimes of con-
sidera,ble thickness. The perirenal fat is generally loose
externally, and gradually, as it approaches the kidney, it
becomes denser in consistence and of a slightly darker yellow
hue.

One point must be borne in mind, that the posi-
tion of the kidney is not constant ; even in health it
varies in position greatly. For example, in one case

the kidney may be close up to the diaphragm and
vertebral column ; while in another the organ may be
situated low down and removed some distance from the

spine. When in the former position some difficulty may be
experienced in reaching the kidney, especially if it is not

enlarged or distended. But if the calculus has caused in-

flammatory changes in the substance of the organ not only
may it become enlarged but considerable change may be
induced in the tissues around, so that they are no longer
recognisable, being converted into soft pulpy material or
dense and tough connective tissue, according to the phase or
course of the case. When the kidney has been exposed the
first duty of the surgeon is to examine it carefully and
systematically by palpation, and should any part of the
kidney or pelvis offer undue resistance to the hand, such as
to suggest the locality of a calculus, this evidence must
be further tested by puncturing the organ with a fine
round needle. During manipulation the kidney must be
well supported in front by an assistant, so that the

organ is pushed outwards and backwards towards the
hand of the operator. The first thing to do is to free the
kidney as far as possible from its connexions to enable it
being brought well out in the loin, and this can be done in most
cases where the space between the last rib and the ilium is
normal and when the patient is not over stout. When the
kidney cannot be fully exposed to view by moderate traction
the incision must be enlarged, the operating room darkened,
and the depth of the wound well illuminated by light from
a forehead lamp or mirror. The surgeon must see the kidney
clearly before incising it.

If a calculus be detected by the hand or the pelvic probe

11 Surgical Diseases of the Kidney (Longmans), p. 434.
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the operator must next consider what is the best way
to remove it, and he has the choice of incising the
renal parenchyma or the wall of the pelvis. If the
calculus is lying close to the capsule of the kidney
it is clear that the easiest and safest method of

reaching the stone is by cutting through the tissue

covering it, and this should be done by a straight incision
with a narrow knife to begin with, and the opening may be
enlarged by dilating with dressing forceps, by which the
stone may be seized and extracted. When, however, the
stone is situated in the pelvis or one of the calyces the
question arises, Should the wall of the pelvis or the renal
tissue be incised ? In respect to this point there is a differ-
ence of opinion, some surgeons advocating one method while
others with equal enthusiasm support the other mode of
operating. But while the two methods are equally satis-
factory in respect to the immediate result, in those cases in
which the incision has been made through the parenchyma
the wound heals more easily and permanent urinary
fistul&aelig; have been less common. Stones of large size have
been removed by incision into the pelvis, the largest being
over two ounces in weight, while by dividing the renal tissue
either by the knife or dressing forceps calculi of equal size
and weight have been extracted. The bulk of the stone
cannot therefore be taken as a guide. When the stone is

large it may be broken with a lithotrite or with strong
forceps and the fragments and debris removed bit by bit.
If at all possible, however, the stone should be removed
whole. ’

When the kidney cannot be delivered in the loin consider-
able difficulty may be experienced in extracting small smooth
stones. They can be felt with the tip of the finger, but when
forceps are introduced so as to lay hold of them they recede
into the pelvis or one of the calyces, slipping away time after
time. Probably the best plan is to get the point of the
finger-nail well underneath the stone and press it against a
firm portion of the kidney, then gradually work the calculus
into the open blades with the forceps, when it may be grasped
and removed, or, if this fails, slip a narrow strip of gauze
through the wound into the pelvis and gradually manipulate
the stone into the fold, and when it becomes entangled there
it can be easily laid hold of. Branched stones are often

firmly held by strong fibrous bands. These must be carefully
divided with scissors, or with the finger-nail, or with forceps,
and in all circumstances, if at all possible, the calculus
should be extracted unbroken. Rather enlarge the incision
freely than run the risk of leaving broken fragments behind,
as they are liable to form centres for new concretions.

In cases of old-standing calculous disease the greatest care
must taken absolutely to cleanse the whole kidney from
deposits, and this is probably best effected by irrigating the
cavities freely and packing the kidney with gauze so as to
establish a free drain which should be kept open as long as
any calculous material comes away.

For extraction of a calculus from the ureter the operation
to be selected is a matter of considerable moment, and
depends upon a careful location of the stone by the methods
already described. The procedure depends upon the position
.occupied by the stone : (a) when the stone is sufficiently low
down to be detected by digital examination in the vagina or
rectum ; (b) when the stone is too high up to be felt by the
finger, but occupies the middle third of the ureter; and
(c) when the stone is in the upper third of the ureter.

If the stone has passed through the muscular wall of
the bladder and pushed the mucous membrane in front of it
the appearances presented by the cystoscope are liable to be
mistaken for those of tumour. In this situation the stone may
be removed by dilatation of the urethra in the female, by
suprapubic cystotomy in the male, or by a perineal opening.
When the stone has become impacted above the vesical

portion of the ureter, but still within the reach of the finger,
it should be attacked from below.

In removing a stone from the ureter by an operation
through the bladder it may be possible to grasp the

impacted body with forceps and, by careful manipulation by
means of one finger within the bladder and another in the
vagina, drag it away without making any incision in the
vesical wall ; but if the stone is too large for this it is well
to make a small incision and dilate the ureter with sinus

forceps before attempting to extract the calculus.
Ceci has removed a ureteral calculus through the rectum,

and Fenwick has employed a perineal incision ; the removal

through the vagina has been employed by Emmett, Cubot,
Collerall, Fenwick, Reguey, and others. In such cases above
the point of obstruction the ureter is dilated so that it can be
easily felt with the finger. The patient should be placed
upon her back and the posterior vaginal wall retracted so as
to expose the anterior and lateral walls. The ureter and the
stone should be fixed by a small sharp hook, one above and
another below the stone ; an incision is then made through
the vaginal wall by cutting on the stone ; when the incision
is completed a rush of urine takes place and the calculus
escapes along with it. A catheter or sound is then passed up .

the ureter to ascertain that the passage is free above. The

opening may be closed with sutures, care being taken to
include the outer coats alone, the mucous membrane being
carefully excluded from the grip of the stitches ; but prob-
ably it is safer to keep it open by passing a drainage-tube
into the dilated ureter.
When the stone cannot be felt with the finger it must

be reached through the abdominal parietes. The ureter may
be exposed without opening the peritoneum through an
incision similar to the one used in ligaturing the common
iliac artery and by retracting the peritoneum, or the line of
incision may simply be an extension downwards and inwards
of the incision for exploring the kidney. The distance to which
the incision is extended inwards and downwards depends upon
the necessities of the individual case. If the patient is short
and stout the space may be extended by making a T-shaped
incision or by incising a portion of the quadratus lumborum.
When the kidney has been fully exposed a systematic
examination must be made of the ureter. The ureter should
be carefully searched by grasping the pelvis of the kidney
between the forefinger and thumb and passing them down-
wards, and if a stone be found it may in many instances be
reached through the wound in the pelvis by gradually
sliding it up in the lumen of the dilated ureter.

Supposing, however, that a stone is not found in the
first examination with the kidney in its normal position, the
attachments of the organ must be freed and the organ brought
out through the wound sufficiently to permit the surgeon
to make a thorough inspection. When the hand fails to
discover the presence of a stone an incision should be made

through the kidney on its outer aspect, and through the
wound a digital exploration of the pelvis and calyces should
be made, and, if a stone is found, it may be removed. After
the stone is extracted a ureteral catheter or sound should be

passed down the ureter into the bladder so as to insure that
the passage is clear. It is not uncommon to find calculi
both in the pelvis and ureter. If a stone is discovered in the
lumen of the duct an attempt should be made to press it up
towards the kidney, and generally this is easily accomplished,
as the ureter is dilated above the point of impaction of the
stone, but if it is firmly fixed an incision should be made
through the wall of the ureter, and after the calculus has
been extracted the incision may be closed by sutures.
Glasgow.

THE ABSORPTION OF PROTEINS.

BY W. D. HALLIBURTON, M.D. LOND., F.R.C.P. LOND.,
LL.D., F.R.S.,

PROFESSOR OF PHYSIOLOGY, KING’S COLLEGE, LONDON.

IN one of his recent lectures published in THE LANCET 1
Dr. F. W. Pavy has alluded to a change that has occurred in
my views on the subject of protein absorption since I wrote
my first book nearly 20 years ago. I will state as briefly as
possible the reasons why my opinions have altered.

If the intestinal epithelium were the exclusive, or even the
principal, seat of -protein synthesis the coagulable protein in
the blood ought to be raised after a protein meal. Recent
analyses have shown that this is not the case. If the intes-

tinal lymph were richer in protein during or after digestion
than before that act we should then be justified in concluding
that this was due to absorption from the alimentary tract ;
but, again, I do not know of any analyses which lend support
to that contention. The sentence Dr. Pavy quotes from my
"Chemical Physiology" states that chyle contains more
protein than does lymph from the limbs. The statement is

correct, but the inference I drew from it in my more youthful
days is incorrect. The pericardial fluid is richer in protein

1 THE LANCET, Nov. 28th, 1908, p. 1577.


